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Influence of Impurities on Waste Plastics Pyrolysis: Products and Emissions

ZHAO Lei'’ , WANG Zhong-hui', CHEN De-zhen', MA Xiao-bo', LUAN Jian’

(1. Thermal & Environmental Engineering Institute, Tongji University, Shanghai 200092, China; 2. No. 711 Institute, China
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University, Singapore 639798 , Singapore )

Abstract; The study is aimed to evaluate the impact of impurities like food waste, paper, textile and especially soil on the pyrolysis of
waste plastics. For this purpose, emissions, gas and liquid products from pyrolysis of waste plastics and impurities were studied, as
well as the transfer of element N, Cl, S from the substrates to the pyrolysis products. It was found that the presence of food waste would
reduce the heat value of pyrolysis oil to 27 MJ/kg and increase the moisture in the liquid products, therefore the food residue should be
removed from waste plastics; and the soil, enhance the waste plastics’ pyrolysis by improving the quality of gas and oil products. The
presence of food residue, textile and paper leaded to higher gas emissions.

Key words : waste plastics; pyrolysis; products; food waste; soil; emissions
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Table 1  Elemental analysis of waste plastics and impurities

W5y TERHT REAE, T /% 4y
FER (RS, HAE( JF%)
T3 /% C H N S ca  /Ml-kg

<0.1 0.1 <0.1 45.1

LDPE 0.2 85.3 14.3

PP >0.1 85.1 14.4 <0.1<0.1 <0.1 44.1
PS 0.1 89.2 9.0 <0.1<0.1 <0.1 41.9
PvC 0.4 40.8 5.2 <0.1<0.1 48.7 22.6
21y 8.1 45.3 6.5 0.3 0.2 0.1 20.1
Ei 10. 4 48.4 6.3 0.2 0.1 0.1 21.2

G 25.2 356 5.2 2.6 0.5 0.3 15.6

K2 ZWRHPEREMSRERELL(TE)

Table 2 Waste plastics/impurities ratio in experiments
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Fig. 1  Diagram of pyrolysis equipment for mass

balance measurement
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Fig. 2 Schematic diagram of three-section pyrolysis reactor
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Fig.3  Voluminal ratio of fuel gas components and CO, in different

pyrolysis gases from waste plastics & impurites pyrolysis process
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Table 3 Products distribution of plastics and impurities’ pyrolysis/%

B AT AW Bt (%)
S 44.2 24.0 31.8
a4y 55.5 21.5 23.0
45k 68.7 15.2 16.2
JE IR 84. 4 7.4 8.2
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Fig. 4 Composition of combustible gas in different pyrolysis

gases from waste plastics & impurities pyrolysis process
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Table 3 N/S/Cl concentration (dry basis) of impurities, liquid products and solid residues
PS=N yA
e kD vt/ % ﬁ#ﬁthjﬁu/% ,
N S cl N S cl

JEURH 2.64 0.45 0.30 100 100 100
A

B4 WA= 3.74 0.14 0.37 62.62 13.75 54.51
[ A 5k e 2.29 0.19 0.27 27.58 13.43 28.62
] 1.08 1. 365 0.21 9.8 72.82 16.87
SRk 0.32 0.15 0.14 100 100 100

g1 WA= 0.33 0.05 0.14 57.23 18.5 55.5
[ERENG 0.51 0.29 0.18 36. 66 44. 47 29.57
NN 0. 091 0.258 0. 097 6.11 37.03 14.93
SRk 0.17 0.12 0.12 100 100 100

gk WA= 0.19 0.03 0.04 76.78 17.18 22.9
[ A 5% e 0.17 0.22 0.43 16.2 29.7 58.05
ST 0.078 0.42 0.15 7.02 53.13 19.05
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Table 5 Composition of simulated waste plastic

% L %
[ AR 28.6
JBt 4% 15.7
IS 7.1
2y 20.0
Fis g 28.6
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Fig. 5 Emission of NH; during waste plastics and

impurities pyrolysis process
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impurities pyrolysis process

PRR St v 0 0 2 1 5T L 22 BRSE RN 1R, A 3]
300°C Lh_ETFA o0 i A U AL A

H,S 1 NH, At i) il B B 5 % 98 R 4 A 1 =
EEBILFES , Jokma 2 Pve IR B T
2P LLEBRN i L 2B AT A, H,S il NH,
oS Qe Pty P S i A VS N A S
JR SR H,S A NH, BB IF A& A 245
(1) 1 98 Rk 224 fie A0 A A N7 T 3 AR BE 2 R OHLS AN
NH,.
2.3 ZR SO I SR 2R T A il O A R e
2.3.1  ZRJINTIRAH AR RN B K R e

YRR 2 Hp o R VR ORL R A R AC EL &SRR, TE
550°C A/ B 40 L/hA S5 F AR 2 B il Sk
B {5 AT S S50 IR TR A . 44 B GBT 260-
1977 A S K G0 5 125 ) PSP W A 7 5 KR
TR, B 7K R AL, AN & 7 FE7R. AR 24 i
THARA KA 8 FT.

RABR W AR, 2 S0 4 0 1 B KR
A AR, Bk 25% Db R T S i i #VA i
55 3CHR T G TR AT A A S A AL 4R
Wit PR R TR 58 v 1) B S, TR S R VR R IR A
it IS 1 SR ) B KR,

A 8 W], P VR R S i i ) A R 42,1
MJ/ kg, 76T 1 )5 24 il 0 S e &2 43.2
MI/kg. THAEINAZYY) , AC5K J5 7= A 1) 4 A T B
K% 32 ~ 37 MJ/kg, X FERELWY 40004 1Y
i B AE AL, AR 10 ~ 19 MI/kg!'™ ' A
IMAJBE A5, S0 B A, K 27 MU kg, 3X &
F T I A A ol R TR A SR U R .

35

30

25

20

R
T

0 ! |
R WRERR R MRS R

Bl7 BB o3 R & 7k R RN
Fig. 7 Moisture contents in different oil products from
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Table 6  Materials using in co-pyrolysis
of waste plastics and impurities
o g 21 i EFN i

1 1000 g

2 1000 g 250 g

3 1000 g 700 g

4 1000 g 550 g

5 1000 g 1000 g

1) JEIRRE 1000 g FILLAL: PS 160 g PP 180 g PE 480 ¢ PET 110 g,
PVC 70 g

PIZE IS5/ o £ A AN, PVC PET 1 24
e —E B R

RAZLY) UK BRI (T8 2 ~4) , 246530 55
TR EA T B &M, R T 3 540U
S WFIT R IIAR Y 32 A A5 3R I ke e
KEFEBE A Bsh, BEA MY b4 %
I P A K ST R

F5 9 WA A ) R v A B S e, (U
(55 8 B 2 P BOM R BE I 14 58 o B T, 32E 1T 5 )
% I (1) 25 AR i B AT LR — e RE T 1

x7 HBEEFHIES(C5~ C22) MAHIT(RESH) REERE
Table 7 Composition of light oil in the liquid product and its RON
T FFEIE %o HEBERE % el % W/ % HE/% FJEfE (RON)
1 47.43 19.55 0.29 32.08 2.29 92.2
2 64.73 10. 58 0.1 20.3 4.29 100. 2
3 82.37 1.18 1.19 8.03 5.16 105. 8
4 69.43 6.42 0.5 17.95 5.7 99.6
5 41.50 17.13 2.52 28.13 10.71 101.0

R R S R (LALS) . maR 7 AT At
JO TIN5 R 1 e T A
iR R RIE 5 i <40% AR,

o3t S AT - R 16 R A A3 B il mT %, 3R 7
A T 7 A A R BRI T S A R R
W RY, F A BHT IR O R R IR
IG5 IR I R R fE TR iR iR R IA K 2
W] DU T A W B A AR PHA R A2 7= 2021 4
BN IR AR AR ) [R] 2 ), AT LAGA 31 04 1) 28 5% A
IR, AT AR A e i v B 5 R 3 i, LA
FEFF A B R TR S bn e i 2R

25 T T 24 4% 500 1 2 e (5 ( RON) B3 H 5
GERNFE 7 PR, R SRR BRI S bR B T
92.2,7E SCHR Br 45 th 9 S e (I [l 77 ~ 96 Z
PR NS T B, R A A 38 4 R v I YR R
SRR T 43 1 2 BE 8, R0 2 AR A A 23 1
Hop ke R, A3 105. 8. i E &S
B e A 3k A e 11 2 D PR R XA SRR )
FHIE UL, TOTE PO HA TR AR , (R 55 B G 28 i
A ) 0 1) A ] R

7 BRI R SRR T s R
A 32. 08% , AU HEAR T [E bR MR E W e &
B <35% 7 IR R A AR A Y, 2 5
S B DU HE R R G Ib 4 R G, B
WIEIE. W) BEARSIRAJG MRS B IR AR
B I A 2 PR AR X T T LR, T D 2% I

AR I AR 2 B R .

AR - BT R I SRS I 245 SRR 2R B e A
JEF AR Ja i O T R R R R
LT I JoE TR b MR 45 , X S8 ) T ) A7 AE AL 23
Fouh b BT R FORREAR, [A) ) ol T ax e B4 By
R TEVEFNR R, 10230 PR T AT N4 e ok
—EfEH. WAL REIAR)G 25 B AEF 235
I YRR RIS AN, o8 3 it 4 I FH A AN R 5 i
R IS S B A R 4%
2.3.3 WA BN > 2 07 I oA

%2 3 57 12 ( polycyclic aromatic hydrocarbons,,
PAHs) 2 & A — UL AR R 7 F A&, % h
A ARA A AL TS YR LA
SEAMRREI 77 A e E B AR TS YL ). IR B S
M) PAHs 095 B (FEZAX 3 R B ) 5
RS PAH V5 A B R R, H bR E py
S ROT I M 2 IR 05 SR B SR T 2 B E A
SR, NRK A Se AR AE EN 25902004 HR e el b £
SRS EARET 1% (0%  7ER EI s
i 75 45 DB11/239-2007 Hh b Ml [RIHLAE .

3T R 56 AR 73 (€10 ~ €22) T PAHS
2 REE 3 M ARERLL LAY PAHS. X BT (1 7>
Prai REAT 5T IR 15 336 8.

F 8 SR IR |5 A AT 20 7 A 1 ST
TR YN e s A2 I P s — 2R S i X B 05 e o i 43
BT 25% (PAHs Jii i 738U 5 T 5% 2K
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{HOE 00 1 A5 7= A (4 SR 23475 e 2 BRCE 54
B EN: 5902004 F1-k 52 i Hi J7 4% . DB11,/239-
2007 MLE ) PAHs BIBRGE(E; fEX 2 DT T, &
e IR RS PAH T5 44 ) =38 PAHs & &
b T AR AJG =3 PAHs KRIEG AN T 4) , 1%
I T 3 B B AR TR Lopez 450 16X DL SRR 32
AVE & AR B b7 R R A 5 TR A5 2 T A
iOp RN
RS LEMIERUMETW(C10 ~ C22) 32T PAHs BF G LL 6/ %
Table 8 Concentration of aromatic hydrocarbon and PAHs present

in the diesel compounds of liquid products/%

T IR PAHs =3 PAHs
1 20.7 9.6 <0.1
2 37.9 37.9 4.1
3 37.3 33.6 3.8
4 39.8 31.3 5.9
5 20.0 10.5 0.6
3 g

(1) IRAZRTG , 5 SR 240 7=y oy A o AR
IR LB R ATRAST CO L COo, BUAM I £, T
HRERABRIE CO, B KiE &, IRALY G
CO ¥R IRAV L5, MR 2 M h H,
RIS, T C2 F C3 SAR A A W A v
D RR BT TR A SR R AL

(2) TEZR R Ay 48Py S LR FETH
BEHAEYH, U H,S W EEFEER. HAALE 3
Rzl S SR A& it fes , 1M H 70% LA B/ S o
RS DRI CHE I 8 — 7 i K5 4 6
KB Cl TR EETH F LAY, i 480
FETKEHES Y. BARSHBRENN &
T, HAEZMR G 46 R B 3 24 .

(3) JRIRLH B NS JLE & ik, 76 24 1t
FERERCH 1 H,S NH, R (H R AL, H,S,
NH, HEJ B 5 5, 380 ~ 410°C i NH, A9 HE i &
K, BT — A KIEAE , 520°C B B A 4~/
R ; H,S 7E 380 ~400°C Fff 3T 35 B 55 — AN g, 3
510°C B3t BREE —0E A6, {HAN 4n NH, B 2. H,S #11
NH, AT H 00 I B B 5 12 YRk R e ) = 30 B B L
FHEE Ok S BT LA LB (R A] LGE o 4
2 B R ke 2t HL,S A NH, I HERCE:

(4) IRABA G 405, R R A p &
KA G B e, H v 2 OB it A Sl R i vl 1Y)
IKFGE 25% DL L. BRE A KRR, A8 4y (41

Yy UG SRR i 1 AVE B S RRAIG, R AE
RABRE 24 E A R 27 M)/ kg 2245

(5) 8 4R B SEIRAJG I 58 0 i K e
REARS, 5 R 0 A2 4 A R X T 2R (R0
TR & WA T 535 R, R & R ¥k S5
YRR = A 1) 55 A5 ha o5 B T 240 52 BT AR 4 1
82% VA I, 33K F SR 1 15 B R A 52 TS0 1) 2 e (EL 32
= (A 1) PAHs &R B m , DU AR A
N TR i TR X S e H R R TG )
pSRuS-ATES

(6) AL =y i i Ok B, U HIR AR E
B B AT B S5 T, AR A R 6
TeAKISZ M [ A B T 24 A A A 1 2 Pk} 2
fif , FESEPR T2 BT 2R 8 IR —E
LU AT ) T 28 S

(7) 29 T ORUEE 28R} 2R 77 A W A BB i 3T
FEWD RS Y g HE T, T 3 A i A Ty AR
S R SR B A A 2% T, s R T R AR B
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